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PKEFACE. 



In geometrical, or mechanical drawing, exclusive reliance 
for accuracy may, in theory, be placed on good drawing 
instruments. 

Practically, these instruments are not absolutely perfect as 
means to the ends to be accomplished by them, and from this, 
and momentary negligences of the draftsman, they are not in- 
fallible in accuracy of operation. 

But, viewing the eye and hand simply as instruments for 
executing conceptions of form, they are incomparably more 
perfect and varied in their capacities in this respect than draft- 
ing instruments ; and well directed practice should, and will, 
bring out this capacity. 

Hence, other things being the same, he will be the most 
expert and elegant draftsman, whose eye is most reliable in its 
estimates of form and size, and whose free hand is most skilled 
in expressing these elements of figure. 

Accordingly, in harmony with the law of easy gradations and 
connecting links which pervades nature, we find a special branch 
of free drawing which is peculiarly well adapted for a prelimi- 
nary training^of the eye and hand of the geometrical draftsman. 
This training consists simply in drawing various single and 
combined geometrical lines and figures, of various forms and 
sizes, by the unassisted hand ; and constitutes a connecting Ihik 
between ornamental free drawing and instrumental drawing. 

These brief reflections have resulted from a recent inspection 



of a few simple pencil plates of such drawings forgotten for a 
long time, having been made by the writer several years since, 
in connection with the conduct of a short course of exercises of 
the kind above described. 

As a further, and I hope not useless fruit of the foregoing 
views, the following little course is presented to all who, as 
draftsmen, may promise themselves benefit from the use of it, 
and for exercises of mingled interrogation and practice iu 
schools. 

By means of a love of skill and accuracy in the use of eye 
and hand, exercises like those of this volume may be made 
a pastime for the improving (especially if so(^ial) enlivenment 
of numerous odd moments, those times when mmiy subordinate 
8 can ie acquired or perpetuated without interference 



My work may be thought deficient in the number and style 
of its illustrations ; but it is meant to be supplemented by a 
free use of large plain lithographic, or other copies of orna- 
mental devices ; and of the blackboard. 

Writing, as merely auxiliary to daily business, is not, in its 
intention, a branch of drawing. But, as an ornamental art, it 
is a species of free-hand drawing, not geometrical, however. 
Hence I have not treated of writing, while ample instrnctions 
on lettering have been deemed a due portion of the contents of 
this volume, since, moreover, the usual small size of letters 
makes their construction by hand alone more convenient than 
by the use of drafting instruments. 

The good tendencies of accurate drawing in regard to mind 
and character are worthy of a closing notice, and indeed need 
hardly more. Practice in such drawing directly tends to make 
dose and accwrate observers, who will thus gain distinct con- 
ceptions of the objects of attention, and so of thought generallv, 



and who ■will then pass on to fidelity in the representation of 
their obeerTatione and conceptions, and to gi-owth in trutliful- 
nesB of spirit. 

It is proper to add that the theory of beauty of form as de- 
pendent, more on an^ula/r than on linear proportions, which is 
briefly recognized in thia volume, is due to D. K. Hay, author 
of several ingenions and attractive works on geometric beauty. 

The short chapter on the largely un wrought subject of geo- 
metric symbolism, may serve, in the absence of anything better, 
as the seed of richer and more abundant conceptions of beauty 
of thought linked to expressive forms. 

Newton, MasB., Januairy^ 1873. 
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BXEECISES ON DIKECTIONB OP STRAIGHT LINES. 

First Principles. 

The direetion o£ a line is its tendency towards a certain 
point. 

The directions of two lines may be alike. The lines are then 
Baid to have the same direction, and are C2.\\e'l parallel. 

The drawing o£ paralld lines, or those whoso directions a/re 
a(i&e,i& simpler than that of lines whose d ir eat io?is are differerd^ 
and hence is here considered first. 

A line which is " straight up and down," or perpendicular 
to the surface of water, like this, when the book is held 



upright, is called vertical. A level line is called hcrisontal. 

The force of gravity a«ts vertically, hence objects rest with 
most stability in a vertical position on horizontal surfaces. 
Likewise, man himself, naturally stands upright, or vertically, 
and, generally, on surfaces whose lines are level, or horizontal. 
Hence vertical and horizontal are the simplest, most familiar, 
or primitive, directions of lines, and will be first considered. 

Lines in space, not vertical or horizontal, are called obKque. 
Also lines lying in any flat surface, and not at right angles to 
each other are called oblique. 

Before commencing the sncceeding exercises, the learner 
should be provided with the following materials ; and, through- 
out his progress should carefully follow the subjoined g 
directions. 
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3 FEEE-HABD GEOMETEICAL DRAWING. 

MiTEEIALS. 

For the practice of quite young pupils, where suhstantial ac 
curacy, rather than fineiieaa of execution is expected, quite cheaj 
paper, or even a slate and pencil will answer. 

For more advanced practice, heavy flat wove writing paper, 
Whatman's, or the German cartoon paper (drawing paper), may 
be employed, cut into plates of convenient size, as 7i by 10 
inches, — the dimensions afforded by paper of the "demy" size. 

A common semi-circular "^otractor" a eemi-circular piece 
of thin material, divided into degrees on its carved edge. 

A ruler 10 inches long and 1 inch wide. 

Moderately soft pencils as Faber's No. 2, and 3. 

Prepared india rubber, free from grit, of the best kind now 
known as " Artist's gum." 

Spare pieces of paper, one, on which to rest the hand and so 
protect the drawing, and another on which to try the pencils. 
Also a strip for a measure of distances. 

A fine file, on which the pencil can, by a rolUng rubbing 
motion, be moat neatly and readily sharpened to a round point. 

"When accuracy on a comparatively large scale is soaght, as a 
training for bold sketching, large plates of coarse paper, and 
crayons, should be substituted for pencils, and small plates and 
figures. In fact, this may be done as a preliminary counterpoise 
to the somewhat cramping tendency of the mostly minute accu- 
racy required in mechanical drawing. But for direct training 
in this accuracy, the pencils, and small plates, should be used 
as above indicated. 

nntEcnoKS. 

Depend on the unassisted eye and hand alone, from the be- 
ginning. They will, in dne time, amply reward the reliance 
placed upon them, Enler, Protractor, and Measure may be 
used to test the straightness, SvreGtion and length of lines al- 
ready drawn, so that if incorrect they can be re-drawn. But 
they should never be used to locate, limit, or rule the lines; for 
thus no education is afforded to the eye and hand, only trifling 
skill is gained by thera, and so the main object of the exercises 
is missed. 

If a lino is fomid iiicorj-e(:t, fii-st consider carefully how it 



DIKECnONS OF STRAIGHT LINES. 3 

differs from what it was meant to be, then erase it, and study its 
direction wel], and try again. Excellent quality, and not great 
quantity o£ drawing, ia to be the chief object of ambition. 

Avoid the use of the rubber by studying well the position 
and lengths of the linos hefore drawing them. Mean to have 
them appear in a certain way, and then make them so, as truly 
as possible; rather than hastily make a earele^ stetch and then 
seek bow to correct it. 

Be sure that a figure is as well done as possible at the time, 
in obedience to the preceding rules, before attempting a new 
figure. 

Ilold the pencil between the thumb and forefinger, and rest- 
ing on the tip of the second finger. It can then be moved both 
with freedom and steadiness. 

In drawing lines towards or from you, let the elbow he at 
some distance from the body. In drawing lines from side to 
side let the elbow be close to the body. 

Arrange the seat and paper so as to look at the paper in a 
direction at right angles to it, without stooping, and let the desk 
be low enough not to interfere with the elbows. 

Though all the lines of the following figures are horizontal, 
when the book lies flat, yet, for the sake of brevity, it may be 
understood that all those lines shall be called vertical, which are 
so when the book is held vertically. Lines from side to side 
may be called horizontal, and othei-s, oblique. 

Eemeraber especially to sketch each of the figures, first in 
very faint lines, which can easily be erased if incorrect, before 
drawing the firm heavy lines of the finished figures. Do not, 
however creep along the line by short, disconnected, and 

hesitating steps, thus, ' .■ -.— — but mark the 

line by a firm and unbroken movement, first lightly, thus, 
~ — and then heavily, thus: 

SINGLE LINES. 

Example, 1. Di-aw vertical lines, beginning at the top, and 
far enough apai't to prevent each from being a guide to the 
other, as a parallel. Thus let these lines be drawn at tbg 
middle and ends of the upper half of the plate. 

Ex. 2. The same on the lower half of the plate, but beginning 
the bnes at tlte bottom. 
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4 FEEE-HAiro G1.0METKICAL DKAWIN&. 

Ex. 3. Mark two pointa so ae to be connected by a vertical 
line, and tJden draw a line joining them, beginning a little c^ove 
the ujyper point. 

Ex. 4, The same, but beginning hehw the lower point. 

These, and all the examples, should be varied, by taking lines 
of various lengths, 

Ex. 5. Draw horizontal lines, beginning at the left, and far 
apart, as at the top, middle and bottom of the left hand half of 
a plate. 

Ex. 6. The same on the right hand half of the plate, and 
beguining at the right. This will require special care. 

Ex. Y. Mark two points so as to join them by a horizontal 
line, beginning to the left of the left hand one, and draw to the 
right. 

Ex. 8. The same, only begin to the right of tlie right hand 
one. 

The forgoing constructions will divide the plate into quarters, 
in which the following may be drawn, 

Ex. 9 to 12. May consist of the four preceding variations in 
the manner of drawing, applied to an obliqne line, which to.- 
clines^/rfjm the body and to the 'i-igM, thus : 



Ex. 13 to 16. May consist of four similar constructions of 
lines which incline yVowi the body but to the left. 

The last two examples should also be practised with the two 
following variations : First, let the lines be 'more -nea/rly vertical 
than horizontal, thus : 
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DIEEOTIOira OF ETEAIGHT LINES. 5 

Second, let ttem be more nearly horisontal than vertical, 
thus : 




The folloTODg Examples permit so many Yariationa in tlie 
order of construction, that each one, as numbered, naust be 
generally understood to include several particular varieties, 

Ex. 17. Draw two vertical parallels, first drawing the left 
hand one first; and setrond, the right hand one first. Also 
draw each, in the four ways described in Examples 1 to 4. 

Ex 18. Likewise draw two horizontal parallels, first, drawing 
the upper one first ; and second, the lower one first, and each as 
ill examples 5 to 8. 

Ex. 19. Draw several vertical parallels, beginning alternately 
at top and bottom. 

Ex. 20 to 23. May consist of similar variations in drawing 
two or more horizontal parallels. 

Ex. 23 to 38. ifay consist of similar exercises on two or 
more oblique parallels situated as in examples 9 to 16, and in- 
cluding the variations in the amount of obliquity there pointed 
out. 

OPPOSITE LINES, 

These are lines starting at a given point ; and proceeding in 
opposite directions, thus : 



or towards each other from their outer extremities. 

Ex. 29. Draw opposite lines, one upwards, and one down- 
wards from the given point. 

Ex. 30. Do., one to the right, and one to the left of a given 
point, 

Ei. 31, Do., in the principal varieties of obhque position. 

Ex. 32. Is a comprehensive one, consisting of the variation 
of the three preceding, by beginning to draw the opposite liuea 
in eftch case from their outer estremities. 
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EOCTELK LINES. 



All the preceding examples may be made in doable lines ; 
that 13, lines as close together as they can be made without 
touching, and at first of the same size, and then, of different 

Useful practice under this head consists in filling various 
figures, such as triangles, squares, polygons and circles, with 
parallel lines, which should be made equidistant by the eye. 

Oen&ral Exam.pl6. Construct a series of examples of figaree 
thus filled, each with one, two, three, or four sets of parallels , 
which will form an elegant imitation of bold line engraving. 
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EI.EMENTAKY ANB PRACTICAL JIXEECISES ON EIGHT ANGLES. 

Pri-nmples. 

BEAUiTof form, considered as residing in certain geometrical 
properties of regular figures, resulte from certain proportions 
between their parts. These proportions may be regarded as 
arising from the relatvoe lengths of the distinguishing lines of 
the objects ; or from the rdatwe sises of their angles. 

In moving, whether to walk, or to merely draw a line, we 
must begin each movement at a given point. The dwection of 
onr movement is first m oni thoughts, rather than its extent. 
We first, if not oftenest, think, or ask, " which way " than " how 
Jo/}"." Direction is tlierefore a more primary idea than length. 
An angle, however, is merely difference between directions 
from a certain point. Hence angular ^qportlone, or the pro- 
portion between the angles of a figure, a^e more elementary than 
Utiear proportions, or those between the lengths of the limes of 
the figure, and will be firet considered. 

In doing this it will he convenient to find firat some angle as a 
natii/ralstamdardofcompa/i'ison for ail others, and this we now 
proceed to do. • When, then, two lines are so situated that, in 
moving on one of them, we do not at all move in the direction 
of the other, their directions are said to be indepmdent. 




Thus, in these figures, by going from a to S, we also move as 
far as aa in the direction of the line ac. So by moving from 
(? to 6 we go a distance equal to df in the direction of the line 
<^. But, when the two a/ngles formed lyy the meeting lines (tre 
equal, as at mgh and kgh, we do not, in moving to any distance 
on gk, move at all in the direction of gm, or gk. Hence the 
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directions of gh and mh are independent, and the angle included 
between them is the natural standard with which to compai-e 
all other angles. This angle between independent directions is 
called a right angle ; and now some of the subsequent exercises 
are to consist in constructing, by the eye, various proportional 
pai'tfi of a right angle. 

But, again, it follows from the explanation of vertical and 
horizontal directions, in Chapter L, that a right angle is in its 
simplest, most natural, or standard position, when its sides are in 
ihefunda/m&rvtal directions oi vertical &nihorisontal. We there- 
fore begin with right angles in this position. Observe first, how- 
ever, that we do not say perpendicular and horizontal, but vertical 
and horizontal, for a line in any pt^ition whatever, is perpen- 
dicular to another when it is at right angles with it, but there is 
but one vertical, or "straight up and down" direction. 



or SINGLE UKES AT EIGHT AHGLE8, WITH SIDES HOKI- 
ZONTAi AND VEKTICAL. 

Ex. 33. Construct one right angle thus, | , and thus, 

and thus, and thus, mating its sides 



from one to three inches in length, each side ending at its inter- 
section with the other. Slight additions will give these simple 
elementary figures a pleasing character as designs for geometri- 
cal borders and comer pieces, thus : 





designs which it is easy to make evenly by observing the direc- 
tion to pencil each line faintly at first, while locating it as in- 
tended. 

Observing that the beauty of a border depends upon its 
eaypressi/oeness, as an echo of some characteristic of the work 
which it encloses, the first design would make an agreeable 



[ SIGHT ANOLEB. 



comer, for a plate of figures made up of points and straight 
lines. The second, with its swelled lines, suggests strength in the 
comer of the border, or ^agression, as in the shading, diffi- 
culty, or importance of the enclosed figures. 
Ex, 34. Construct two right angles, by prolonging one of the 

sides beyond the vertex of the angle, thus, I and thna, I 

I — •— \ 

and thus, ~n and thus, — I 



J 



Ex. 35. Construct /our right angles, by prolonging each side 
through its point of intersection with the other, thus I 

EIGHT ANGLES WITH SIDES OBLIQUE, 

Ex. 86. Ecpeat Ex. 33 with the sides in various obUque posi- 
tions, and of various lengths, thus : 

< 1 r- -\ 

Ex. 37. In like manner, repeat Ex. 34, thus : 

J- -r V V- 

Ex. 38. Similarly, repeat Ex. 35, thus, but in each case make 
. the lines from one to three or four 
\_- "S^ inches long, from the point of inter- 

\ / section. 
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The Pairs Horizontal and Vertical. 

Many variations can be made, and should be, in the order cf 
drawing eacli of the following figures. Thus the vertical lines 
can both be begun at top or bottom, or one in each way ; also, 
the horizontal lines may both be begun at the left end, or right 
end, or one in each way. Again, both of the vertical lines 
may be drawn fii-st, or both of the horizontal ones, or one of 
each in succession, 

Ex. 39. To give a more ornamental character to these simple 
elemonte, after seeking truth of representation, only, in the pre- 
ceding elementary figures, they may consist in combinations of 
faint and hea\'y lines, as shown in a part of the following fig- 
ures, all of ■which should be made of lines from a half inch to 
three or more inches long. 




PKACnOAL EXAMPLES. 



Ex. 41. The preceding elementary examples afEord all the 
operations necessary in forming many simple drawings, either 
of geometrical designs for surface ornament, or of objects. 



ESEKCISES ON EIGHT ANGLES. 11 

A specimen or two of each is added in this example. 



I,., ^'ff'' 



1 



naL=£^ 



The pupil is here again reminded always to make his figures 
very much larger than those of the book. 
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CHAPTER in. 

DISTABCES, AND DIVTSION OF STBAIGHT LDfES. 

Prmiyiples. 

HAvrNG considered Tarions directions of straight lines, we aie 
prepared to estimate and represent va/nous distanees npon them. 

Distances are equal or unequal. When unequal, we often 
■wish to eompm-e them. Distances may he compared, first, by 
taking one from the other, and thus finding their diff&reme. 
This shows how much greater, or smaller, one distance is than 
the other. 

Distances may also be compared, second, by observing how 
many times one is contained in the other, and thus finding their 
ratio. This shows how mwny times greater the larger distance 
is than the smaller, or whatpa/rt the smaller is of the greater. 

"When we compare lines in this second way, we speak of them 
as proportioned,, or as })&i/ng in proportion to each other, or as 
havinff a certain, proportion to each other. 

An indefinite line is one that has no given limits. In repre- 
senting distances, we may either mark a gi/oen distance several 
successive times on an indefinite hne; or, we may divide a 
given line into equal parts, and mjind a series of eg 



EXEKCrSES IN MAESINQ OFF A GIV 

Ex. 43. Draw straight lines in different directions, and mark 
hy the eye, the same distance, once, on all of them, thus ; 
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DISTANCES AMD DIVISION OF STBAIGHT LIKES. 



Transfer tlie distance on the first line to the edge of a slip of 
paper, and with this, as a measure, see if the distances on the 
other lines all agree with this measure. If not, observe whether 
they are too large or too small, and then, without making any 
mark on the paper before removing the measure, take away the 
measure, and correct the distances by the eye. 

Ex. 43. In like manner, mark a given distance several times, 
on lines in various directions ; thus : 



Es. a. Draw lines in several directions through the same 
point, and mark equal distances from the point on all of them ; 
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DIVISION OF LINES INTO EQUAL PAUTS. 

Ex 45. Divide lines in various positions, as shown below, into 
two e<iiial parts. Tliis is done by mai'kiug the middle point of 
the line, and is called bisecting the line. Then apply the paper 
measure, and see if the two parts are equal. If they are not, 
the error found at the end of the line will be double the error 
in the required half. If three parts had been required, this 
final error would have been three times the error in the single 
third of the hne, and so on. Then make the necessary correc- 
tions, accordingly. 



To distinguish these figures from the preceding, mark only 
the ends of the line by dashes extending across the line, 

Ex. 46. Divide a line into four equal parts. To do this, 
bisect the whole hne, and then bisect each of its halves. 



-+ 



In each of these exercises, let the given line be taken in 
various positions, thougli but one may he shown in the book. 

In like manner, that is, by bisecting each quarter of a line, 
■we should obtain eight equal parts, etc. 

Ex. 47. To divide a line into three equal parts, that is, to trisect 
it. Estimate one-third of the line, and bisect the remainder. 



To divide a line into nine equal parts, divide each of its 
thirds into three equal parts, 

Ex. 48. In the preceding examples, we have divided each of 
the larger spaces into the same number of parts into which the 
whole was first divided. 
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Let a line now be divided into siai equal parts, for example. 
Half of a line ia more easily estimated than a third, hence divide 
the line first into halves. Also, having done this, one-third of 
a short distance, as the half line, is more easily estimated than 
a third of the longer whole line, hence divide each half into 
thirds, giving six equal parts in the whole Hne. 

Ex. 49. To divide a line into any prime number, as five, 
seven, eleven, etc., of equal parts, it is necessary to estimate at 
once the fifth, seventh, eleventh, etc., part of the whole line. 
Tet this may be done more readily by dividing the line into 
two or more parts. Thus, one third of a line to be divided into 
seiien. equal parts would contain two and one third of those 
parts, and tlius we could more easily estimate the size of one of 
those parts. 
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CHAPTER IT. 

CIBCLEa AND TUEIE TIVISION. 

Priiiciples. 

Direction is, as before said, tendency towards a certain point. 
A straight line has but one direction at all of its points, 

A curve constantly changes its directi<ni. 

The simplest curve, and the one which will be the natural 
standard of comparison for all other curves, is the one which 
changes its direction at a uniform rate. The (nrde is such a 
curve, and all its points are at equal distances from one pohit 
within called its centre. The circle is, therefore, the simplest 
curve, and standard of comparison for other curves. 



Ex.50. To draw a circle. Sketch,faintly, several lines through 
a point, taken as the centre of the circle, and, from this point, 
mark off equal distances on each of tliese lines. Then through 
the points tius given draw the circle, thus ; 




Ex. 51. To draw the circle without drawing the lines through 
its centre. With the paper measure, mark a number of points 
all at the same distance from the centre, and then sketch the 
circle through those points. 



o 
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111 both of these construetioiis, use fewer and fewer guides, 
and at last sketch a circle with no guiding point but its centre. 
Also practice often in rapidly drawing circles by hand on the 
black board. 

The distance from the centre to the circumference of a circle, 
is called its radius. The distance across the circle, through its 
centre is its diameter. 

Parallel circles have the same centre, and are called oon- 
centHc. A portion of the circumference of a circle, is called 
an arc 

Ex. 52. Draw circular arcs in various positions, and of various 
radii, and length, thtis : 



( 



Ex. 53, Draw parallel arcs and circles, of various radii, and 
the former also of various lengths and in various positionHj 
thus : and then mark their centres. 
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DIVISION OF CmCLES. 

Circles, or ares, maj, like straight lines, have given distances 
raarked ofE upon them, and may bw divided into equal parts. 

The line which j'oine the extremities of an arc, is called the 
chord of that are. When the arc is very short, its length cannot 
be ordinarily distingiiished from that of its chord. It is on 
this principle that any given straight distance may bo trans- 
ferred to a circle or to any curve. 

Ex. 64, To lay off a given distance on a circle or arc, divide 
that distance into a sufficient number of small equal parts, and 
then mark off on the circle, or arc, the same number of similar 
equal parts, thus, where the straight line is the given distance. 



Ex. 55. Any diameter of a circle divides it into two equal 
pai-ts, therefore draw several circles, and one diameter in each ; 
but in different positions in the different circles, which may also 
be of various sizes. 

Ex. 66. Two diameters at right angles to each other, divide a 
circle into four equal parts. Draw such diameters in varioim 
petitions. 

Ex. 5T. The radius of a circle applies just sis times to its cir- 
cumference. Then lay off the radius once, on the circumfer- 
ence, as explained in Ex. 54, and then mark the other divisions, 
equal to the one thus obtained, 

Ex. 58. Bisect each quarter circle in Ex. 56, which will give 
eight equal parts in the whole circle. 

This bisection can then be continued to any extent, giving six- 
teenths, etc., of the circumference. 

Ex, 59, Continue these exercises by trisecting the quarter cir- 
cles, and bisecting and trisecting the sixth parts in Ex. 67, giv- 
ing twelfths, eighteenths, etc., of the whole cirele. Also make 
these divisions on circles of various sizes, and on ares in various 
positions. The eye will thus be trained to estimate readily any 
given part of a circumf erenee. 
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PKOPOKHONAL ANGLES. 

Princij)'lss. 

After acquiring power to draw lines, truly straight, in aay 
direction, and to draw a true right angle in any position, much 
additional power of the eye to estimate, and of the hand to rep- 
resent, will result from practice in estimating the values of the 
angles of ohjecte. Bnt we have seen that the right angle, upon 
which varied practice has now been had, is tlie natural standard 
of comparison for other angles. Ilenee the new gi-onp of valu- 
able exercises which follow, is designed to train the learner in 
estimating and repreaentiiig accurately any fractional part of a 
right angle in any position. 

Every circle is considered as being divided into three hun- 
dred and sixty equal parts, called degrees and marked thus, 
360°. Hence a half circle embraces 180° ; a quarter circle, 90° ; 
a sixth of a circle, 60°, etc. But, as already seen in the last 
chapter, two diameters at right angles to each other divide a 
circle into quarters ; hence, as a right angle includes a quarter 
circle, or a/rc of 90°, between its sides, it is also called an angle 
of 90°. 

In like manner, any angle is said to be an angle of as many 
degrees ae there arc in the asc between its sides, the centre of 
the are being at the point or vertex of the angle. In other 
■words an angle is said to be measured by the arc included be- 
tween its sides. Hence the easiest way to divide an angle into 
equal parts, or pails having any given proportion to each other, 
is, to divide the arc between its sides in the manner required, 
and then to draw straight lines from these points of division to 
the vertex of the angle. The right angle being, as before ex- 
plained, the natural angular measure for other angles, a right 
angle will be taken as the one to be variously divided, in the 
following examples. 
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ELEMENTAKY EXAMPLES. 

Ex. 60. Bisect a right angle, in each of the positions giren in 
Ex. 33. To do this, sketch carefully a qaarter circle between 
the sides of the angle and mark the middle point of this arc. 
Then join this middle point with the vertex of the angle aa 
seen in the figure. To divide the angle into any other number 
of parts, divide the included quarter circle into the same number 
of parts. To t^t the angle thus estimated and drawn, use a 
" Protractor," as follows ; 




/// 



The protractor is a senii-eireiilar instrument, whose semi-circu 
lar edge is divided into 180 degrees. A right angle is an angle 
of 90°, Half a right angle is 45°, hence if we plaee the straight 
side of the protractor on one side of the angle, and its centre, 0, 
marked by a notch, at the point or vertex, C, of the right angle, 
as shown in the figure, then the required bisecting line 0, 45°, 
will if correct pass through the 45" point on the divided edge 
of the protractor. If it fails to do so, then first carefully esti- 
mate, hy the eye, the amount of error, and then erase the line and 
draw it over, remembering to sketch it lightly, till found correct. 
Having found the true direction of the required dividing line 
of the given angle, dram a number of ^wroUels to it, in this, 
and all the following problems of divisions of angles. 

Ex. 61, Construct a line which will cut off on&-third oi a 
right angle from either of its aides, thus ; 





peopoetioNjU:. ah&leb. 21 

Oiie-thiid of a right angle is 30° — measured by one-third of the 
quarter circle — Whence in testing the lines after drawing them 
tliey should pass through the 30° point of the protractor in the 
first figure, and the 60° point in the second. In every case eon- 
Bider, ae above, the number of degrees in the given fractional 
part of the right angle, and malie the test accordingly. 

In the figure, only two parallels to the required direction are 
shown. The student should make many more, and in various 
positions around the original figure. 

Ex, 62. Draw a line cutting off one-fourth of a right angle 
f j'om eitlier of its sides. This can be most accurately done by 
bisecting half a right angle, tliue : 




Observe, as indicated in these figures, to place the given right 
angle in any and all of the positions given in Ex. 33. 

Ex, 63. Oinstruct, snocessively, angles of otie-Jlftf ^ and i^o 
'Sifths of a right angle ; i. e., angles of 18°, etc, thus : 



:^ 



Ex. 64. Divide a right angle into two parts, one of 40° the 
other of 50°. This can he most easily done by finding one-third 
of the right angle, and making the angle and arc of 40°, one-thii'd 
greater than the one of 30°, thus : 




Ex. 65. Eepeat the divisions of the right angle, given in the 
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pi'ecediiig examples, upon riglit angles 
tioiis as in Ex, 45. 



a yarioTia obHque posi 




Ex. 66. A four pointed star, requiring two lines at right 
iiigles to each other, and the equal bisecting lines of tliose 



Ex. 67. A gate. Note that an angle of 24° is four- fifteenths 
of a right angle. 



Ex, 68, An arch, giving practice in parallels, equal distances 
(each side of the arch, and the heights at the ends) and ares, of 
s sizes, and parts of a circle. 
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CHAPTEE VI. 

PLANE FIGUEES BOUHDED BY BTKAIGUT LINES. 

A. plane figure is a portion of a flat surface, bonnded bylines. 
Wlieii bounded by straight lines, it is called ^polygon. 

Polygons are of various names, depending on their Jiumber 
of sides. 

A Tnangle has the least possible nnraber of sides, viz., three. 
It has also three angles, and when one of these is a right angle, 
the triangle is called right angled. 

A Quadrilateral, or quadrangle, has four sides, and angles. 
When both the angles and sides are equal, the figure is a square, 
and its angles are all equal. When the angles are right angles, 
bnt only the opposite sides are equal, the figure is called a rec- 
tangle. 

A Pentagon is a figure of five sides. In a regular pentagon 
tlie sides and angles are all equal. 

Likewise, a regular Hexagon has six equal sides and angles. 

The diagonal of a four-sided figure joins its opposite comers, 
thus : 



J!''igurea of more than four sides, have more than one diagonal 
from any one corner. 

The student is now prepared to sketch such simple objects as 
depend only on certain proportions between their angles. 

Accordhig to the tlieory of beauty of angular proportions, 
briefly alluded to in Chapter II., those regular figures aie most 
beautiful, in which the proportions of the angles can be ex- 
pressed by fractions whose terms are small numbers. 

A great many familiar objects have sides of an oblong, that 
ia a rectang\d<w form, and these sides are divided by their 
diagonals into two equal right angled triangles, A triangle is 
the simplest plane figure, and a right angled triangle is the 
simplest triangle, as a standard fior the coTnparison t>f angular 



oy Google 



2i FKEE-HAND GEOMETEIC 

■proportions^ since it contains a right angle, which ie the natiii al 
measnre with which to compare its other angles. 

Eectangles, as floors, walls, doors, windows, the spaces be- 
tween them, etc.j are tlierefore, most beautifully proportioned, 
when theijf ddagonais divide their right a/ngles into parts 
iea/ring a simple proportion to each other and to a right angle. 

Thus, if the diagonal of a rectangle divides one of its right 
angles into angles of 30° and 60°, the ratio of these is i, and 
their ratios to a right angle, are J and f. These all being sim- 
ple fractions, the rectangle will be found to have agreeable pro- 
portions, 

ELEMESTAET EXAMPLES. 

The construction of regular figures, reqiiires attention to the 
equality of some or all of the sides, as in Chapter III,, as well 
as to their direction, and the proper size of their angles ; and 
thus requires the application of examples in all the preceding 
chapters. 



Ex. etl. A right 

gled triangle 

th equal acute 

of 45^ each. 



This triangle possesses the property of being divided by a per- 
pendicular from its right angle to its oppcsite side, into two 
triangles of the same shape as the original whole. This prop- 
erty makes its construction easy, Draw this triangle in various 
positions, and fill it with lines parallel to i 
above. 





Ex. 70. A triangle each of whose ha> 



a right angled 
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triaiiL 
and 1; 
being 



;le with acute angles of 36° and 54°. Hero 11°=^; iu^=-| 
^l—i- Also in the whole triangle ■^\^gS=-J. These ratios 
Taried, while all of them are simple, the triangle is very 
and forms an agreeable end, or " pediment," to a roof, 
1 in the figure. 

Tl An equal sided triangle. This also, has eqnal angles 
of 60° eaeh, and its halves therefore have 
acnte angles of 30" and 60°. Draw several 
such triangles, and fill each one o£ some of 
them with one or more sets of lines, parallel, 
or perpendicular, to some one of its sides. 




Ex. 72. Construct squares of various sizes and in various 
positions, first without their diagonals and then with them. 

Ex. 73, A figure of four equal sides, but whose opposite 
angles, only, are equal, is called a Khomhus, thus ; 




This figure is most easily constructed by first drawing ita 
diagonals so that each shall be at right angles to the other at its 
middle point, and hy then joining their extremities. 

Let rhombuses of various proportions be drawn. 

A square may also he drawn by its diagonals in the same way. 

Ex. 74. After the practice thus far had, various designs in 
plane figures can be executed, such as the following. Thtae 




f — ■■ t — « ' Y — ' 
• — <> — " — <► — < 



examples obviously require the divisions of lines into eq'OHl 
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parts. Also, in the second figure, the marking of ecLual dis- 
tances, viz., the semi-diagoua!s of the little squares. 

Ex. 75. Embraces a regular pentagon and some applieatioua 
of it. 




The external angles of a pentagon formed by producing or 
extending its sides, are ea<;h equal to 72°, or four-fifths of a right 
angle, and are constructed accordingly. The five j>ointed star 
IB most agreeably proportioned, by joining the alternate points 
in order to obtain the direction of tlie sides of the star points. 
Also, the middle line of any point, when extended, beeoraes the 
dividing line between the two opposite points. 

Ex. 76. Hexagons, These polygons have angles of 130" at 
their comere. They can therefore be combined as in pavements, 
60 as to completely fill a given space. It will assist in construct- 
ing this figure, to remember that each of its sides is equal to the 
distance from its comers to its centre. Observe, also, tliat the 



longer diagonal is divided into four equal parts by the shorter 
ones, perpendicular to it, and the centre. 

Ex. 77- Divide a circle into eight equal parts, by diameters 
at 45 " with each other, and j oin the points of division by straight 
lines, which will give a regular octagon, or eight sided figure. 
This figure can also be drawn, by considering that its external 
ai-gles are each equal to 43", thus : 
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Ex. 78. Wliolly made up of vertical and horizontal lines. 



i. 
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Ex. 79. Embraces obliqiie lines. 
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. Embraces circular lin 



O] 





Tlie figures of iiitorkcing lines are best made bj sketching 
the whole in very f ami, and ■unbroken lines, at first ; after which 
those portions of each line, which are meant to be visible, can 
be retraced in firm and heavy strokes. 
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CHAPTER VTI. 

iD CDRVED OBJECTS IN GENERAL, 



Wb have thi^ far considered only circular curves. These, 
however, are only the simplest among an endless diversity of 
curves, many of -which are of great beanty, as well as common 



"When any curve and straight line merely touch at one point, 
they are said to be tangent to each other, and just at the point 
of touch, or tangenoy, they Me m, the same direction. Hence 
(my curve cam, he much more easily sketched, if we Tetwm several 
tangents to it at differeTit povtita. 

A circle can evidently be placed, or " inscribed" in a square, 
BO aa to be tangent to it at tlie middle point of each side. A 
curve similarly inscribed in a rectangle ia called an ellipse. 
Now observe that as all squares are of the same shape, though 
of different sizes, so all circles must be of the same shape, also. 
But there is an endless variety in the proportions of different 
rectangles, and hence there may be an equal variety of ellipses. 

A right angle being more easily estimated than other angles, 
ii is also a special help, in sketching a curve, to home one or rrirore 
lines which the curve must cross at right angles. Hence it will 
be easier to sketch an ellipse in a rhombus than in a rectangle; 
for in the former, the ellij^e will be tangent to the four sides 
and will cross each diagonal, at right angles with it, and at 
equal distances from its extremities. 

Ex, 81. Sketch ellipses of various proportions by tlie rhom- 
boidal method, thus: 




"We may mark the middle point of each side, aa the points of 



taiigeiicy of the ellipse, the sketcliiiig of which will then he 
quite easy. 

Let this exercise be continued, in the shetcMug of ellipses 
in rhombuses placed in various oblique positions, and, also, witli 
their longer diagonals placed Tertically. 

"When an ellipse is inscribed in a rectangle, it crosses the cen- 
tre lines of the rectangle at right angl^, at the points of tan- 
gency with the sides of the rectangle. Thus the eight guiding 
positions afforded by the rhombus, are reduced by union to four, 
in the rectangle. The ellipse will, however, cross the diagonals 
of a rectangle at equal distance from its corners, but not in a 
perpendicular direction. 

Ex. 82, Sketch ellipses in rectangles and other figures, of va- 
rious proportions and positions, thus ; 




An ellipse is a curve of most delicate grace, and should there- 
fore be most faithfully studied and carefully drawn. The most 
offensive en-or in shaping it, is, to represent it as pointed at the 
narrow end, which it is not, in the least. 

By combining eUiptical arcs of various proportions, tangent to 
each other, various graceful forms adapted to ornaments, such 
as vases, may be composed. In doing this the relative propor- 
tions of the ellipses should not be chosen at random, bnt so 
that the angles of their enclosing rhombuses should form simple 
ratios. Moreover, these rhombuses sliould bo in simple relative 
positions, and the cori'esponding angles in the different ones 
should form simple ratios. 

Ex. 83. In this design for a vase, all the angles, some of whoso 
degrees are given in the enclosed numbers, are 9°, tlie square 
of 9", or even TmdtipUs of 9°. Also at the base, two rhom- 
buses have a common vertex ; and at top, two have a side and two 
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vertices in common. The 

acute rim-rhombus lias its 

sides perpendicular to a 54 

and h 72, its right side 

passes through the corner 72, 

and its diagonal passes 

through c, the junction of 

two arcs, and centre of a 

72. Moreover, the diagonal 

72-36 coincides with 18-72 

produced, and the side 72- 

54 ie parallel to the diagon- 
al 18-36. 

These mostly very simple 

relations of the rhombuses, 

and their angles, yield a very 

pleasing form, each side of 

vphich embraces four differ- 
ent elliptical arcs, of which 

the one nmning upward from c terminates on a 54. 

-Ex, 84. In this design, the relations 
are in part, more, and in part less simplo 
than in the preceding, and the result will 
hardly be thought more agreeable than 
before. 

The principal, and the base rhombuses 
are of the same proportions, as seen by 
their angles, and therefore enclose simi- 
lar ellipses, which gives less decided vari- 
ety in the outline at the base. The up- 
per side-rhombus, with its angle of 18", 
' side of one in the central rhombus of 
)", gives the comparatively complex 
and unfamiliar ratio 3^. Also its riglit 
hand corner is arbitrarily located on a 

horizontal line through tlie upper vertex of the central rhombus. 
In both of these designs the rolling rim might be omitted by 

terminating the sides of the vases on the longer diagonals of the 

narrow upper side rectangles. 

Ex. 85. By substituting for a rhombus, two dissimilar half 
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rhombuses, having a diagonal in common, the beautiful e 
shaped curve will be formed, thus: 





In the firet of these iignres, the acute half angles are 20° and 
30", whose ratio is therefore §. In the second figure the cor- 
responding angles are 18° and 36", having therefore a ratio of 
J, and affording a more decidedly egg-shaped curve. 

Ex, 86. All egg-shaped oval may also be inscribed in a 
regular trapezoid, that is a figure having two unequal but paral- 
lel sides, both of which are bisected by the same line, perpen- 
dicular to both, thus : 




Let these ovals be drawn in a great variety of proportions and 
positions, both in rhombus-like figui-ea and ti'apezoids, and with 
as frequent reference as possible to leaves, which exhibit a great 
variety of graceful ovals. 
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Ex. 87. The material of vases, etc., being 
originally plastic, it may be siippoaed to settle 
by its own weight into oval forms before har- 
dening. For this reason, as well as from the 
greater stability associated with breadth at 
base, egg forms are more admired in pottery 
articles than trno ellipses. The annexed de- 
sign illustrates these remarks. Its angles of 
36" and 34";. 64" and 10''-48' (ten degrees 
and forty-eight minutes) 75°-36' and IS^-St', 
give the simple ratios f , ^, \, i. 

The student should make a variety of simi- 
lar designs. 



Ez. 88. On account of the pleasing associations of stability 
and decision with horizontal and vertical lines, as indicated in 
Chap. I., a curve which enters into the composition of any solid 
1 fixed object is most pleasing 
v when it has one or more borizon- 
' tal or vertical tangents. 

Thus, there is more vigor, as 

well as variety, in the curve in 

the second of these figures, than 

in the first. 

Ex, 89. As we here propose only such exercises as are more 

1 with geometrical drawing, we only allude to 







the careful drawing of German text and common writing (script) 
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letters on a large scale, as an excellent exercise in the close 
study and vaiied practice of drawing curves. 





The German text, and all upright letters should 1 
balanced on each side of an imaginary vertical centre line, i 
order to give them the most satisfactory appearance, 

Ex. 90. The varieties of curves being innumerable, a few are 
here annexed bj way of suggestion. The student can devise 
many others. 




The group of four parallel curves affords an excellent ex- 
ample for practice, each curve being nearly straight in the mid- 
dle, and sharply curved at the ends, while its left-hand half 
is convex upwards, and its right-hand half equally so down- 
wards ; and each with a vertical tangent at its extremities. 

Of the two spirals, it will be seen that one increases its radius 
uniformly, giving equal radial distances between its successive 
turns, while tlio other expands at an increasing rate. 
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The use of tangents in sketching curves is also illuatrated in 
hese examples. 




Ex. 91. An exercise of peculiar utiUty, ia found in a! 
eaay curves through several given scattered points. This opera- 
tion frequently occurs in geometrical drawing, when other than 
circular ciu-ves are to he described. The essential things to bo 
obser\'ed in these cases, &re, first, to avoid all sudden, irregular, 
and unnecessary variations in the rate or degree of curvature, 
and, second, eapecially to avoid making an angle at any point 



in the intended curve. These important requirements can be 
met by keeping at least tJi/ree suecesaive points in view at once. 
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Thus, while joining A and B in the figursj keep iii view, and 
operate likewise in making all the figures. 



The student should practice ex- 
tensively on this example, first 
taMng the points, in many differ- 
ent relative positions, and then 
running easily flowing curves 
through them, 

Ex. 92. In several of the pre- 
ceding examples, curves have 
been drawn tangent to straight 

lines previously drawn. We here add an example of drawing 

tangent to curves aheady drawn. 





The tangent may be drawn through a given point out of the 
curve, as in the first iigure, or through a given point on the 
curve as in the second figure. 

Ex. 93. Einally,the examples of this' chapter close with prac- 
tice in the very nice operation of drawing symmetrical figures 
with variously curved outlines. By symmetrical figures, are 
meant those which are divided by a centre line into two ex- 
actly similar halves, as in this figure. The difficulty in sach 
figures, after forming one side in a pleasing curve, is, to 
make the other side of exactly the same form but in a reversed 
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poaition. This can be done, as in the figure, by drawing lines 
perpendicular to the centre line, and by 
marldng on them equal distances on 
each side of tlie centre line. The fol- 
lowing are other examples of sym- 
metrical figures, some of which have 
two centre lines. The learner can 
devise many other figures of similar 
character. 
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Ex. 94. Kepresenting a few element- 
ary comer pieces, illustrates some of 
the foregoing principles. 10 is in- 
ferior to 9 because its main spur seems 
weakly placed, or driven in, wliile the 
sparred comer, 9, is firmly planted. 7 is 
better than 6, because it cuts oat less of 
the interior, and because the grace of 
the curve is protected by the strength 
of the eqnare corners at each side of it. 

Thus the skeleton of even' comer ehould e 
for no riehnesB of detail in ornament can n 
outlines. 

Attention to such simple principles as those will guide in the 
design or selection of borders, and prevent the necessity of pre- 
senting an elaborate collection of them hei-e, when they can bo 
seen in sueh abundance in type founders' collections, and in 
engravers' and printers' works, together with various oma- 



a good idea, 
bad governing 



mental devices. 

Another principle, dia 



egard of which through dispi'oportion- 
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ate interest in some trivial thing, has spoiled many a drawing, 
is this. Ornamental devices on drawings of solid worth, should 
never represent any thing essentially mean, or rudely coraie, or 
even a reminiscence of anything, which however pleasant, is of 
transient interest. Such things as the latter, when preserved at 
all, should be in a separate form. In fact, sense of humor is 
best dehghted, and the happiest laughter excited, by the simple 
sight of a beautiful border, or other work, some simple quality 
of which, such as its compact neatness, or clean firmness, is 
highly sn^estive of analogous attributes in its maker. 
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CHAPTER VIII. 

LETTEEING. 

General Principles. 

LiriTERraG, though not strictly a part of a drawing, is a neces- 
sary appendage to it, it being generally indispensable to the full 
understanding and intended use of the drawing. And as, also, 
there should be uniformity of accuracy and elegance in all parts 
of the draftsman's work, lettering is properly included among the 
fundamental operations, which he should be familiar with 
before applying his art in practical cases. 

Besides, although geometrical drawings should be principally 
titled with geometrical letters, yet these letters are, on account 
of their usually moderate size, as well as variety and curvature 
of outline, most conveniently made by the free hand. Hence 
the drafteman's training in lettering appropriately fallfi among 
the subjects of free geometrical drawing. 

Two points should be constantly remembered during the 
practice of lettering : first, uniformity of size and proportions, 
and, second, beauty and regularity of form in each letter. Ill- 
shaped letters, if of uniform size, proportions, and distance apart, 
and truly ranged in a straight line or regular curve, vrill look 
tolerably neat. Elegant letters will, on the other hand, appeal 
badly, if irregularly sized and located. Both uniformity, and 
elegance are, therefore, indispensable to perfect lettering. 

The learner's previous practice, in marking equal and propor- 
tional distances and angles, should enable him to secure uni- 
formity in his letters; and his practice on carved and other 
irregular lines and figures, should enable him to give them 
elegance of form. 

All the letters described in this chapter should €rst bo drawn 
on plates of smooth heavy brown paper, about 11 by 14 inches 
in size, and with a crayon or soft pencil. They should be made 
three or four inches high, so as to afford exercise in free and 
broad movements of the hand, aud may aftei'wards be made of 
ordinary sizes, on smaller plates, and in title pages. 

A.OO;)IC 



Eefore entering upon a general discussion of all the varieties 
(if letters, we will make a special study of the common Eoman 
capital letter, which is a sort of standard which all other lettei-a 
are made to resemble, more or less closely, in certain particulars ; 
and from which, as a starting point, variations are made in de- 
signing fanciful letters. 

Plate I. The Alphahet in Large Homan Capitids. — This 
alpliabet is arranged in three groups, bo as to form progressive 
exercises in the drawing of the letters. The first group em- 
braces tliose letters such as I and H, etc., which are composed, 
wholly or mostly, of Ihoriwntal and vertical straight lines. The 
second groop containt? all those letters in which oblique si/raight 
lines are prominent ; while the third group embraces those let- 
ters which are largely made up of <mrved lines. 

Letters, ae large as those of this plate, may be made by in- 
sti-uments, by observing certain proportions in their form ; but, 
inasmuch as, in common practice, letters are of such size that 
they are more conveniently made by hand, it will be far better 
for the student to make the large letters of PI. I. by hand, at 
least BO far as to sketch their curved lines, and the points 
through which their straight lines pass ; after which, the linesj 
if inked, may be ruled. A running commentary on the differ- 
ent letters of PI, I. will now be sufficient. I, the simplest of all 
the letters, consists of a vertical column, whose width may pro- 
perly be made equal to a quarter of its entire height. The caps 
at the top and bottom project beyond the column a distance on 
each side, equal to half the width of the column. These pro- 
portions may be observed in the wide parts and caps of all the 
letters. 

We thus have for an I the following complete proportions : 
Divide its height into sixteen equal parts. Then its height -= 
J-|, its total width ^, width of column -^^, projection of cap /j, 
and thickness of cap -jJj-. These dira.ensions are to be preserved 
in the vertical columns of all the letters. Also all wide columns 
are to be of -^perpendieular width, and all the caps are to be 
■jij- thick. 

Having thus fixed upon a proper thickness for the caps, let 
lines be ruled parallel to the extreme top and bottom lines, to 
aid in making these caps of uniform thickness on all the letters 
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Each column of the H is like an I. The extreme widtli of 
this letter allowing ^ between the caps is equal to ^ of its total 
height. 

The height of the arm of tlie L is -^ of the total height of the 
letter. The extreme width of this letter, and of F, making the 
arma ^ longer than they are high, ia -f^ of the height. The 
ends of the arms must be -^ thick. F is like an L tnmed np- 
side down, with the addition of the middle arm, whose height 
is half the height of the letter, and whose right-hand line is 
midway betiveen the right-hand line of the column and the ex- 
treme right-hand line of the letter, E differs from F only in 
having another arm. Some designers make tliis letter a little 
wider (^^) at bottom than at the top, and also make the height 
of the top arm a little less than that of the lower one. This 
method gives variety and an appearance of stability. 

T, having an arm on each side of a central column, has its 
extreme width equal ^ of its total height. Notice, on all these 
arms, that their curved sides are nearly quarter circles, giving 
solidity of appearance to the arms. None of these arms should 
be short, thin, or pointed. 

Passing the hyphen we come to letters having oblique ele- 
ments. V having its average width only equal to half its ex- 
treme width, since it comes nearly to a point at one extremity, 
may be made of extra width at the top ; thus, let the total width 
be such as would be given by two wide columns with ^ between 
their caps. This width will then be \^ of the whole height 
Let the perpendicular width of aU narrow columns be -^, and 
the horizontal width of V and A at their points ^^. 

Observe, that the left iiand column is the wide one, and 
that in all letters having slanting columns, except Z, the heavy 
column slants downv>a/rd towards the right. Similar general 
directions to the preceding, apply to A, The cross bar of this 
letter may be half way from the bottom line to the inner angle. 
In K the under side of the narrow arm may intei-sect tlie ver- 
tical column, a little below the middle, as at two-fifths of its 
height, 80 that tlie wide oblique column may not intersect the 
vertical column. The extreme width at the top equals tlie total 
height, and at the bottom equals ^^ of the whole height. 

N, having an oblique wide column, biit being a square letter, 
having two vertical columns, does not need the extra widtli given 
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to Y and A. The length of full caps to obliqne wide columna 
being -f^, and to vertical narrow ones ^, the total width at top, 
allowing -^ between caps, if there wero a full cap at the left 
Tipper corner, will be ^, There is no cap at the lower riglit> 
hand comer. 

The under edge of its. wide column is drawn from the left 
side of the foot of tho right-hand narrow column, tangent to 
tlie slight curve which connects the upper left-hand cap with 
the left-hand narrow column. M has its total width equal to 
fj- of its total height The point of the V-shaped part is on the 
bottom line, and midway between the inner hncs of the adja- 
cent vertical columns. W, the widest letter of the alphabet, 
is of an extreme width equal to V^ '^^ i*^ extreme height. Its 
oblique lines are parallel to the corresponding lines of V. Tho 
extreme width of Z is eqiial to i^ of the height. Its arms are 
lengthened, as there arc no caps opposite to them. The lower 
one is ^ long and ^ high, the upper -^^ long and -^ high. 

The left-hand vertical lines of the left-hand caps of X are 
in a vertical line. Keckoning from these lines, the extreme 
widtli at bottom is equal to ^^ of the total height, and at 
top it is equal to -ff- of the height. In Y the outer oblique 
lines intersect the vertical column a little below the middle, as 
at a distance equal to the thickness of the caps. The whole 
width at the top equals \} of the whole height. 

Passing the second hyphen, we come now to letters in which 
curves form a prominent part. The total width of J is fj of its 
height. Its lai-ger curve, convex downward, has for a chord a hori- 
zontal line, at a height above the bottom equal to -^^ of the height. 
The extreme width of U is ff^, of D fj, of P f|, and B ^|, of the 
heiglit. The bow of the P should intersect the column a little 
below the middle, while the upper bow of the B may properly 
intei-sect the column a little ,abovo the middle, making the lower 
bow project ^ beyond the upper one. It is ^ wide at bottom. 
It differs from B so little, as not to need further description. By 
omitting the tail of the Q it becomes an O. The greatest width 
of the tail equals that of a wide column, and it extends three- 
fourths of the same width below the body of the letter. In 
either case the extreme width equals ^^ of the height. The 
extreme width of equals f|. The highest and lowest points of 
its outer curve are in the middle of the extreme width ; and the 
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corresponding points of the inner curve are half way between 
the inner point of the lower curved arm and the vertical tangent 
to tlie inner curve. In a letter as large as this, it is well to let 
the upper arm set back, a distance equal to the thicknes of a 
cap, BO as to prevent the overhanging look that it otherwise 
would have. The extreme width of 6 equals its total height. 
Its construction is evident from the figure, after the description 
of C, that has been given. The whole width of 8 eqiials that of 
Q, and its arms are nearly like those of 0. Some designers 
mal\e the lower half higher and wider than the upper half, but 
as S is, to a beginner, the most troublesome letter, it is here 
given in its simplest form. To sketch it readily, it is only neces- 
sary to keep in mind that the outer curve at the top becomes 
tlie inner one in the lower half, and so most be carried below 
the middle of the letter and ciu-ved sharply to form the inner 
line of the lower half. & is icas subject to rule than the proper 
letters of the alphabet. The design on PI. I. is offered as being 
more pleasing than that in which the wing over the pei'iod 
ends in a rectangular cap. The dotted lines show a modifies^ 
tion of the design, ending in a large circle. 

The proportions here given are not absolute, but only relative. 
Thus an ordinary letter, as an H, or an E, may be made twice as 
wide as it is high, or half as wide as it is high, but in tliat ease 
all the other letters would have similar modifications of their 
present proportions. Such letters are called, respectively, ece- 
pa/nded and cond&nsed letter. 

Directions, much more minute than the preceding, are some- 
times given for lettering, but, after affording a few essential hints 
concerning the general proportions of letters, it is here preferred 
to leave the details of their design to the taste and judgment of 
the det ' 
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In examining a type-founder's specimen book, one may 
imagine, from the exceeding variety of letters therein exhibited, 
that it must bo impossible to reduce them to any system. But 
a closer examination will reveal a few comprehensive features, 
according to which all letters may be readily i 
groups. 
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By acquaintance with tlie distinguishing charactere of these 
groups, and their modes of -variation from one another, it will 
be easy to design uniform letters in any proposed form or style, 
which is much hotter tlian a mere copying of them, without 
ability to proceed independently of a copy. 

All letters may be included in two grand divisions. 

I. — Oeometrieal letteva are all those which have a deiinite 
geometrical outline, which could be made with drawing instru- 
ments; and 

II, — Fre&-hand letters, or those of so irregularly varied out- 
lino that they must be made by hand only, guided mainly by 
the fancy of the designer. 

Since the letters called geometrical are the ones mainly used 
in geometrical drawing, they will chiefly be noticed in this 
section. The student, by collecting a number of hand-bills, 
programmes, husmess cards, sheet-music covere, etc., will have 
materials for a valuable scrap-book of letters, which may be 
arranged according to the classifications presently to be given, 
and which will be useful for reference, and will contain numer- 
ous practical illustrations of the explanations which follow. 

By examining such a collection, it will be seen that in all or- 
dinary letters three things may be distinguished — 

{a) the essential elements. 

(S) the Gom^plemmiaTif additions. 

(c) the decorations. 

By the essential elements of letters, are meant those portions 
which are necessary, and auflicient, to enable one to recognize 
those letters. The first half of each of the first two rows of PI. 
II. are letters formed of essential elements only. 

By complemeTita/ry additions, are meant the caps, and the 
hanging parts of the arms, etc. The letters of the first four 
i-ows of PI. II. are, with the exception of those just mentioned, 
letters having these additions. 

By the decorations are meant the ornamental shading and 
filling up of the letters. Thus letters may be represented as if 
made of wood, stone, or iron ; and of pieces having squai-e or 
polygonal section. They may appear as if seen obliquely, or 
afl draped, vine clad, or casting shadows. 

In spacing letters, it is a good rule to allow equal areas of 
blank paper between them. 
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Summing up; the preceding, and other pai-tieulars 
ing letters, are syatematicallj' prcaeuted in the following table 



w >■ 



i si si 

O MO «0 



<^ 



1 i 



^s «i 



ai 1^ (Lj LlJ n^ 

" "" t I 






IN 



§§:ij^ 



Hoifdb, Google 



LKTTEEtNG, 47 

It follows from this, that there cannot be very many radi- 
cally different forms of letters ; therefore, before proceeding to 
a further Bubdivision of geometrical letters, some of the ways 
may be mentioned in which varieties of lettera are produced 
by modifications of the elements just given. 

1°. By altering the proportions of height and width, forming 
eajianded or condensed letters. 

3". By retaining or omitting the complementary additions. 

3". By making the wide columns of the letter massive or 
slender. 

4°. By making the letters as if they were fiat plates, or as if 
they were sohd, or "block" letters. 

5°. By representing the latter as seen dii-ectly, or obliquely, 
BO as to show both face and thickness, 

6", By minor modifications in the outlines, as by rounding 
the caps into the columns, 

7°, By making the usually curved letters polygonal, 

8°, Varieties, without limit, may be made, by changes in the 
quantity and character of the decorations. 



PEACnOAL EEMAKKS. 

(a.) The thickness of the caps is the same as that of the nar- 
row essential elements, 

(b) In pencilling letters, never pencil the ornaments, unless 
the letters are of extraordinary size, but pencil the outlines 
only, in very fine lines. 

(c) It is better to do all the pencilling by hand, since instru- 
ments would perpetually be hiding portions of the letters, and 
so preventing the eye from judging readily of their proper pro- 
portions. 

((7.) Very small capitals and small letters are better put in 
ofE hand, in ink, between parallel pencil lines, to keep them of 
a uniform height. 

{e) The fifth row of PI. IL shows a simple free-hand or 
" rustic" letter, in two sizes and styles. These are harh letters. 
Log letters are often seen in handbills, etc. 

{/.) The sixth row embraces " skeleton" and " full faced " 
" small " Roman letters and italics. A common error consists 
in making the stems of the 5'«,j)V, etc., too long. The total 
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height of Buch letters need not be more than one and a half 
times the height of their bodies. 

(g) To avoid making letters slightly leaning, stand directly 
ill front of the work, and with the eyes far enough from the 
paper to be able to see the position of the border of tiie plate, 
as a guide. 

(A.) Curves can be more neatly sketched in by a dotting, or 
very light motion of the pencil, than by a continuous motion 
with firm pressure. 

{i.) The ends of the arms of letters like G, C, S, etc., should 
not be far apart, vertically, but should come nearly together, 
and should be tangent to vertical lines, in order to give them a 
plump, finished, square, and stable look, 

(J.) Even in the most fanciful letters, there is a certain ap- 
preciable consistency and orderly form. This results from 
their having an imaginary central skeleton of regular single 
lines, about which the outlines of their parts are equally 



{k) PI. II. illustrates most of the distinctions of foi-m men- 
tioned in the preceding table, except the inelegant and unused 
Italian type. This plate, or one of similar nature, should be 
constructed by the student. 

il) Polygonal lettei« may be substituted for curved ones by 
any who are particularly deficient in free-hand sketching. They 
may thus be able to secure a desirable uniformity of excellence 
in their work ; tliough it is probable that the pains necessary 
to form an elegant polygonal letter, would secure an equally 
t curved one. 
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CHAPTER IX. 

! SYMBOLISM, 



A symbol is anything apparent to sense, which jet, of itself, 
■Mttwrally expresses, pepreseiits, or suggests to the mind some 
truth of life. 

In tiiis, a symbol is quite different from an emblem, or 
a type, as may be sufficiently seen by reflection on the 
universal use of the words. Thus every one says " the national 
emJ>lem" speaking of bis country's flag, but not the national 
symbol. Here, the connection between the thing and the 
thought is dependent on association, and may be ec[ually 
strong, whatever the thing chosen may be; but it does not 
depend on any inherent relation of the thing to the thonght, 
being established in the act of choosing the emblem, 

A type belongs to the same general form of existence as the 
thing typified. It is a part, taken as a representative of tlie 
whole ; a specimen, as the representative of a class ; a lower 
fonn, as a representative of a higher form of being or action of 
the same kind. 

To illustrate : The mingled verdure and bloom of spring, are 
symbols of the fi-eshness, modesty and promise of unperverted 
youth. The tints and frnits of autumn, or a sunset in crimson 
and gold, are syTnbols of the close of a worthy, or a splendid 
career. 

A monmnent is an emblem of departed greatness. A broken 
raoaumeiitia a. symbol oi a broken life. The American flag is an 
emblem of the nation's life. Its rivers are the symbol of the scale 
of its Ufe, its ideas, and its actions. Its best, and its worst, treat- 
ment of the Indians, are types of its highest and of its lowest 
humanity seen in all other relations of life. 

Other iUustrations. Water, by its properties, is a type of 
fluids generally. The ocean is of itself a symbol of eternity. A 
ring placed upon the finger becomes, by the manner of the act, 
an emblem of whatever put it there, 
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The oak, with its mighty and horizontal arms, is a symbol of 
all sufficient rugged strength. The elm is a symbol of united 
strength and grace, of cultured rather than native qualities. 
Hence the avenues of cities are lined with elms, rather than 
with oalcs. 

With the idea of symhols thus awakened, tlie following exam 
pies of geometric symbols will suffice to lead the mind into 
action upon the suhject. 

GEOMETRIC ILLtlSTKATIONS. 

A straight line is the symbol of repose, monotony, and deatli. 
It is so by reason of its monotony of form, in having but one 
unchanging direction. It is therefore adapted to situations 
where repose in the shape of Hxedncss or permanence is natural 
or desirable. 

Thus, in the fervent tropical heats of a land like Egypt, where 
^■igorouB activity is to be dreaded, and the repose of utter inac- 
tion courted, the main outlines of the buildings, naturally and 
forcibly express these facts by the free use of straight lines, and 
these, ae the boundaries of most massive and heavily proportioned 
forms. Massive short vertical columns, raile-long avenues of 
bolt upright flgnres, with folded arms and all facing alike, and 
the immense horizontal bases of the pyramids, and the lines of 
their immense stones, all illustrate this. 

Also, in foimdations generally, where permanence is most 
desirable, the main lines are mostly straight and horizontal. 

But in a church, the multitudinous flowing lines should only 
express the endlessly varied, yet only beautiful, individual and 
concerted life, that should, visibly, centre in, and flow from the 
stirring exercises and activities within it. 

The drele is a symbol of monotonous routine, and hence, as 
a symbol of eternity, represents only a dormant, unprogressive 
one. It is thus, by reason of its single centre and uniform dis- 
tance from that to the circumference, and its consequent uni- 
form rate of variation of direction at all points, and its per- 
petual return to the same point of beginning. 

Hence it was peculiarly appropriate that the Egyptians, 
whose earthly life was so largely expi-essed by the stiff, dead 
straightness of a right line, should have adopted the circle as 
their symbol of eternity, an eternity of endless dull repetitions 
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of OTie ■miva/rying round. " One nnvarj-ing round " is just 
what the circle sensibly is, and it is therefore the natural sym- 
bol of A life made up of routine in one unvarying round. 

Again, life is either sensual or spiritual ; and, in a given 
amount of it, as the one prevails, the other is wanting. Now 
monotony of life indicates absence of thought-activity, and hence, 
secondarily, the circle as the symbol of monotonous routine, 
unenlivened by varied thought, is also a symbol of sensuous, 
more than of intellectual existence. Hence the Romans, who 
were a grosser, and more materialistic people than the Greeks, 
made great use of the cnele in their architecture, while the 
Greeks rejected it. 




Thus the coarseness of the compound circular moulding is 
apparent in eonti-ast with that of the freely varied curve of the 
second figure,* whose infancy quickly turns at maturity into a 
pi'olonged career of elegance, gracefully and quickly brought 
to a close, when its work is done. 

The ellipse being only the general form, of which the circle 
is a particular case, it is not expressive of anything radically 
different from what is symbolized by the circle. Its continually 
varying rate of curvature expresses more of varied life than the 
circle does. Also its two foci, representing a two-fold govern- 
ing purpose, or idea, or all engaging pursuit, give more of hfe 
to it as a symbol. 

As contrasted with a circle, for a window, its compression in 
one direction may make it expressive of partly constrained or 
contracted, rather than of full-orbed and equally all-embracing 
life and character. Hence elliptical topped windows are less 
pleasing than semi-circular topped ones. 

Quite otlierwise from the foregoing is it with the hyperbola, 



* "Greeklines," AtlantioMonthlj, J 



.C.oo^^le 



oA TKEE-nAND GEOMETEICAL DEAWING. 

which is sufficiently defined for present purposes by saying that 
it consists of two equal, opposite, and infinite branches, AF and 
BGr, to which a pair of hnes, M and !N", crossing at the centre C, 
only at an Iniinite distance. Such lines are called 
The fixed points H and K are called its/od, each 
a,Jbeu3. 




The complete eymboliem of this line is remarkable for its 
ready and striking truthfulness. 

The genei-al idea of the infinite approach of a curve to a 
straight tangent, as a symbol of an infinite progress towards 
perfection, or the absolute ideal, never actually attained, has 
long been familiar ; but is reahzed in the case of ani/ of the 
many very different curves which have asymptotes. But the 
complete symbolism of the hyperbola has perhaps never been 
defined. 

First, and for this world only, as proper to be mentioned here, 
there is •material civilization, and there is moral or spiritiial 
civilization. Also there is material barbarism and there is 
moral barbarism. There is the material civilization of Paris, 
and Berlin and London, and there is the moral civilization of 
the Quaker, and the philanthropist of New England, and of the 
little mountain democracies of Switzerland. 

There is the material barbarism of the savage, and the hide- 
ous, appalling and esasperatuig moral barbarism of the hordes 
who are only all the more savage in nature, as they are more 
acquainted with arts and opportunities, which they per\'ert to 
savage uses, and who, as such, have blotted the annals of the 
world ; as in the early chapters of the history of European en- 
terprises, particularly in Sonth America, Africa, and Asia. t 
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Then, in the hyperbola, asymptote M may represent k 
civihzatiou or perfection, or material barbarism eitlier indi- 
vidual or social, and in opposite directione, aa right and left, re- 
spectively, from C. Asymptote N may likewise represent the 
ideal of moral civilization, or of moral barbarism. Then, as 
each branch of the curve is divided symmetrically by the line or 
axis ^"Q, if DA and DF, tangent to K and M. at iniinite dis- 
tance from D, represent infinite progress towards the perfect 
■Inoral and material ideals, respectively, then EB and EG, tan- 
gent in like manner to the same lines, may represent unlimited 
progress in material and moral evil, degradation and the bad. 

Thus we have the crowning antithesis of the good and the had, 
botli -material and moral, with unlimited possible progress to- 
wards each destiny, and in each form ; all, expressed by tlie 
hyperbola, without obscurity, or confusing admixture with 
other considerations. 

The parabola, each of whose points is equidistant from a 
fixed point, F, the focus, and a fixed 
line. X>, the directrix, has but one 
branch, and no asymptotes. What- 
ever symbolism it may have, inde- 
pendent of tlie hyperbola, may not 
be yet appai-ent. Compared with" 
that, its single branch may signify a 
career only good, and both mateiial 
and spiritual as before, sin(!e it has 
bilateral symmetry about the axis DF. 

The absence of the asymptote is expressive as showing tliat, 
being perfect in itself, it needs no outer standard to which to 
approximate; or conform itself, but is only perfect, though 
free. 

As having a governing point within itself, while ako condi- 
tioned by the line U, vjhiah is infi-rdte, it is a symbol of the 
normal life of any perfect finite rational creatures ; conditioned 
in their action by their own wills, and yet, in the final results 
of their action, by the will of the inji7iite. 

This attractive image, from which the hateful thought of the 
lad is excluded, makes the gothic arch, formed of two opposite 
semi-parabolas, a beautifully appropriate entrance to any place 
where the ideal is to be sought, enjoyed, and if possible so 
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realized ; at least in thouglit and purpose, 
pyogreseive improvement of the life. 



s to determine the 




Spirals, are, as compared with the circle, nohle symbols of 
immortal life, with growth and progress, inasmuch as, unlike 
the circle, they do not return into themselves, but ever proceed 
in wider and wider circuit8,expresBive of the expansive progress 
of all noble lives. 

They may, therefore, well enter into the composition of the 
decorative parts, at least, or the seals, or heraldic devices of 
the buildings whose uses are representative of human pi-ogress. 
And they could hardly appear otherwise than intlie ornamental 
details, because the visible representative of the inspiring idea 
should be, like the idea, itself, over and above the working 
rooms which mnst be merely adapted to the work to be done in 
them. 

If, however, aesthetic thought in this department should ever 
lead to the general adoption of an educational symbolism, then 
buildings for the successive departments of any large institu- 
tion might be arranged on a spiral, fi-om the^jreparatory school 
to that in which resident graduates should remain to pursue 
special studies. 

The conchoid, however, exceeds in ready and convenient ex- 
pressiveness of grand fundamental ideas, any curve yet tried in 
the field of educational symbolism. 

The conchoid is a curve of two parts, or branches, all of whose 
puints are at the same fixed distance from a ffiven line, meas- 
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nred on lines drawn from afixedpoint. "WTien this point is 
nearer the fixed line than the fixed distance, one branch of tlie 
curve will be looped. Thus E E is the fixed line, and A the 




fixed point. Then dG = de;b{i—bc, etc. 

Now the primary ideas to be expressed in the organization 
of a comprehensive iustitutionj are: 1". A Central Course of 
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Study, from which various professional courses shall radiate; 
2°. A pei^ioiial directing body ; 3°. A series of buildings de- 
voted to the professional courses ; 4". A series of inferior 
buildings devoted to the lower piu-poses of organization ; 5''. 
A select gi-oup of structures devoted to the most refined 
purposes of tlie institution. See now how perfectly the ooti- 
choid, when laid out on a grand scale on the ground, pennita 
tlie symbolical expression of these ideas, in the material organ- 
ization of an institution, as its published curriculum exhibits 
them ill the printed expression of the logical organization. 

1". A gi-and building, surmounted with a dome, as the sym- 
bol of comprehensiveness, and with lofty porticos facing the 
four cardinal points of the compass, as the symbol of its equal 
openness to all, should stand at A, and contain instruction 
rooms for all the general coui-s^. 

2*. Professors, as the persorial determining element in tiie 
life and worlc of an institution, should have residences ranged 
along the fixed determining line E E. And d e may be 1000 
feet or more. 

3". D D, being the superior branch of the curve, should be 
allotted to the series of buildings devoted to the several profes- 
sional schools, and i-eached fi-om A by paths on the radial lines 
as a J c, which determine the points where they stand. 

4". B B, being the inferior branch of the curve, should bo 
devoted to tlie gymnasium, janitoi^'s lodge, bathing house, 
society (open) rooms, etc. 

5°. The loop A e, as a separate and peculiar featui-e, should 
be set apart for an elegant garden enclosure, with fountains, 
etc., and faced by tlie observatory, chapel, and library buildings. 

It may be added that, having regard to tlie beauty of a vai-ied 
over a monotonous curve, like the circle, the superior branch of 
the conchoid would afford superior beauty as a reveree curve for 
the caps of doors or windows. 

The bilateral symmet/ry of th§ conchoid, that is, the equality 
of the parts on each side of the fine, C e admits another point of 



In a university, for example, such as some' believe in, of all 
embracing comprehensiveness, schools for the professions based 
immediately upon the constitution of man, viz., Theolcgy, 
Law, Medicine, Politits, and higher Teaching, might be located 
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oil one side of C e, while tliose of the profeesiona based on 
the constitution of nature, as adapted to subserve man, as 
Engineering, Architecture, Mining, etc., might be on the other 
side of C 6. 

Likewise the hyperbola, is a ready servant of educational sym- 
bolism, and perhaps even more perfectly, for the same purpose. 
^For, besides placing the firet, or " humanistic " class of profes- 
sional Bchoola on one branch of a hyperbolic avenue, laid out 
upon a suitable tract of ground, with its foundation general school 
at tlie focus, H, of that branch, and the second, or technologi- 
cal class of professional schools on the other branch, with its 
appropriate college of preliminary general culture at- the focus 
K, a further subdivision is provided for. Each class of profes- 
sions has its industrial, and its artistic subdivision ; and the 
symmetry of each branch with respect to the axis, K H, permits 
the tangible expression of this subdivision. Thus, on the Aw- 
inanistic side, Schools of Theology, Law, Medicine, etc., could 
be on D A, and schools of Poetry, Oratory, and Vocal Mmic 
could be on D F. 

Likewise, Schools of Industrial Technology, as of Engineering, 
Building, Mining, and Technical Chemistry, could be on E B, 
and schools of Architecture, Decorative Design, Instrumental 
Music, etc., could be on E G-. 

Finally, those disposed to contend for the equal rank and 
dignity of the two main classes, humanistic and technological, 
of professional pursuits, would adopt the hyperbola, to deter- 
mine the aiTangement of tlie assemblage of buildings compos- 
ing the general material organization of the univereity. Those 
■\vlio should claim superior rank for the humanistic class, would 
employ the conchoid, and place the schools of that class on its 
superior branch ; while those who would avoid all such rival- 
ries, as well as the bewildering unwieldlincss of so colossal an 
organization, would be likely to employ the conchoid as first 
explained, and for one class only of professions. 

The positions of lines have a significance, as well as their 
forms. Thus a prevalence of verttad lines symbolizes aspira- 
tion, upward-tending thought and purpose ; and hence gives 
noble meaning to a lofty gothic cathedral interior, where the 
prevailing direction of the lines is vertical. 

The same idea gives effect to the humblest village spire. 
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